The energy security is a subject often picked by government representatives of current times, who take actions influencing geopolitical relationship of Europe and globe. It is an important aspect because of its economical, ecological and environmental nature. Tensions between countries of Eastern Europe, legislative changes made by European Union and rapidly increasing demand in the energy sector lead players to securing their resources and its supplies, along with infrastructure. Energy Security Index (WBE) proposed by A. Sokołowski (2010) and Kościuszko Institute is an effective tool for measurement, impartial assessment and classification of analyzed economies, checking their flexibility and possibilities in the international energy arena. The index is built as multidimensional comparison analysis, which gives the prospect of creating rankings. This article presents the essence of energy security in the context of an economic potentiality in the gas sector, with the chosen elements counting into WBE and its applications. The vast aggregate is created by calculations, using worked data, to summarize assessment of energy security status of examined country. The authors tried to compare chosen elements of WBE of neighboring Polish and Ukrainian economies. As an addition, based on data availability, information is enriched by appropriate commentary. Graphics shows the essence and summary of gas transportation infrastructure in both countries and gives the idea of possibilities of cooperation between them.
Introduction
Energy security is often discussed by political representatives who shape the relations in the European and global geopolitical arena. This aspect is essential for economic, ecological and environmental reasons. The Energy Security Index, proposed by A. Sokołowski and the Kosciuszko Institute [2010] , is an effective tool facilitating objective assessment and classification of analyzed economies in terms of their capabilities and flexibility in the international energy sector. This index constitutes a part of the so-called multidimensional comparative analysis, incorporated in the multidimensional data analysis, which allows to prepare a ranking.
This study presents the essence of economic security as well as the structure and applications of the Energy Security Index. The constituents of the described tool form a broad aggregate using the prepared data to provide an overall assessment of the energy security of a given country. The main purpose of his paper was to comparatively analyze individual components of the index for two national economies of Poland and Ukraine. Depending on the up-to-dateness and availability of data, appropriate comments are provided to supplement the information and indicate the possibilities of cooperation between the analyzed economies in the described field.
The current geopolitical situation between the economies of Poland, being a member of the European Union (EU), and Ukraine involved in the conflict with Russia increases the significance of this study in the context of the possibility of cooperation between Poland and Ukraine in terms of connection and development of gas networks infrastructure, among others through the investments at the Hermanowice facility, including the design and construction of the pipeline in Ukraine and the construction of five line shut-off and relief valve stations.
The essence of energy security in the context of the elements of the Energy Security Index related to earth gas
The essence of free market and the possibilities of trading energy resources encourage the energy sector stakeholders to intensify competition. Energy requirement, and in particular the necessity of existence of power resources and the continuous growing demand for them, challenge the global economy to ensure stable access to these resources for the society, governmental organizations and enterprises. The loss of such access would be followed by a number of negative consequences, with direct impact on all users of electric and thermal energies.
The energy security of a country or an economy is widely and ambiguously defined in the subject literature. Despite the vitality of the issue, no consensus has been reached in terms of precise interpretation of the definition and no methodology applicable in every situation is available. It is impossible to create a universal model for all countries, since the values of possessed resources, economic growth, climatic conditions, demographic factors, geopolitical position, etc. are different in each one of them [Radovanović et al., 2017] . It can be accepted that a common part of many definitions is relating risk with the energy security [Månsson et al., 2014] ; however, the problem is that the scale of the threats that needs to be considered is too broad [Franki and Viskovic, 2015] , especially in terms of their varied intensity. The authors often attempt to describe this aspect beginning with national security [Jankowska, 2015] or state security [Świątkowska, 2012] , and also with a straightforward definition of security itself [Ruszel, 2016] , as a starting point for further analyses of the problem essence. Among the authors who attempted to analyze the problem of providing a compact definition of energy security over the last few years were Ang et al. [2015] , issuing 104 publications concerning this particular issue. In addition, Månsson, Johansson and Nilsson referred to the studies conducted by Chester [2010] and Winzer [2012] . The definition and the range of energy security may be described as dynamic and evolving with the time, along with relevant circumstances, for instance, along with the technological advance, the awareness of climatic changes and sustainable development increases, which are reflected in proper economic transformations [Ang et al., 2015] . Defining energy security as an interdisciplinary issue unfortunately allows to justify certain instruments of the energy policy [Glynn et al., 2017] . Besides, many authors limit their definitions to the most important elements, not including a number of aspects, such as cultural, environmental or technological factors, which makes these definitions incomplete [Azzuni and Breyer, 2018] . Ruszel [2016] points out that energy security is a component of resources security of the economy and may also be perceived as a condition of economy or process. The proposed definition is based on the following six various aspects: 1. geopolitical; 2. economic; 3. legal; 4. ecological; 5. technical and 6. personal.
The history of development of the energy security concept dates back to the early 20th century, when it was related with the necessity to provide fuel for the army [Cherp and Jewell, 2014] , and clarifies the further interest of specialists in economic sciences [Yergin, 1991 [Yergin, , 2006 Goldthau, 2011; Hughes and Lipscy, 2013; Hancock and Vlado, 2016] It implies considering the perception of energy security depending on the point of reference against a specific subject. Jankowska [2015] claimed that "the perception of energy security depends on their role in relation to the aspects of resources and energy". This problem was also mentioned by Gryz et al. [2018] , who emphasized that it was perceived differently in the countries possessing energy resources and those that need to import them. Additionally, Delgado [2011] defined a basic division of energy security in a market approach, i.e. in the character of security of supplies (quantity and price -importer) and demand sustainability security (revenue -exporter) and also divided energy risk into physical risk (partial or complete interference with physical flow of energy) and economic risk (significant change in energy prices). The author also introduced a more specific division of aggregates and relevant determining risks. Therefore, energy security can be basically defined as ensuring the constant level of prices and continuity of supplies of energy resources along with proper infrastructure allowing for processing and distribution and maintaining its quality, from the perspective of the national economy or a macroeconomic organization (EU, V4, OPEC, etc.) The level of energy security must be measured using an aggregate index, including all essential elements determining this security. Energy Security Indexes have three functions: normalization, determining the significance of normalized values and aggregation of these values [Ang et al.,2015] . Ang [2006] divided the factors that determine such indexes into groups defined by thermodynamic factors, physical factors and money (economic) factors. Both various types of fuels and various methods of production of electric or thermal energy imply the use of sets of values constituting a uniform and objective modeling tool. Having determined the aggregated values for specific energy sectors, it is possible to generate appropriate comparative rankings of selected economies. The authors of this study focus on comparing the aggregate of the earth gas sector of two national economies: Poland and Ukraine. The basis for the study is the Energy Security Index proposed in 2010 by A. Sokołowski and the Kosciuszko Institute, selected components of which have been compared for both countries. The following alternative indexes, mentioned by Prakash et al. [2011] , IEA [2007] , Scheepers et al. [2007] , Bollen [2008] , Le Coq and Paltsey [2009] and Quemada et al. [2012] , refer to a similar issue: 1. indexes based on the Shannon Diversity Index [Energypolicyblog, 2018] ; 2. geopolitical energy security measure [Blyth and Lefevre, 2004] ; 3. Energy Security Indexes: ESIprice + ESIvolume [IEA, 2007] ; 4. Supply/demand index for the long-term security of supplies [Scheepers et al., 2007] ; 5. Willingness to pay function, for security of supplies [Bollen, 2008] ; 6. Security of external energy supply [Le Coq and Paltsey, 2009 ] and 7. Socio-economic Energy Risk Index [Marín, 2009] .
The listed economic tools include various combinations of aggregated measurable values of sector elements, such as energy sources, energy supplies, political stability, energy reserves, market flexibility, energy intensification, energy distribution, GDP, energy dependence and replaceability of energy sources. At the beginning of the 21st century, this issue was roughly analyzed and only the digitalization and increased data availability allowed to develop the measuring models and computerize their function in a broader scale during the following decade.
The Energy Security Index described by the authors of this study in terms of earth gas sector encompasses the following components [Szlagowski, 2010] :
1. National earth gas production -coverage of the yearly demand by the national gas production output 2. Import infrastructure 2.1. Import infrastructure capacity -this criterion is used to assess the possibility of using the infrastructure of a given country in earth gas import: 2.1.1. Pipelines -relation of pipeline capacity and the total import volume 2.1.2. Terminals -relation of terminal capacity and the total import volume 2.2. Infrastructure capacity divided into directions of supplies -infrastructure diversification potential assessment, described using the Herfindahl-Hirschman Index (HHI) -the HHI indicates the level of competition on a given market and facilitates the assessment of potential consequences of enterprises' concentration. The index is being used f.e. by antimonopolism organs, research agencies and variety of institutions, including US Justice Department. Its name comes after the surnames of creators of HHI, who did it in early years after World War II (WWII). It is described as expressed in percent sum of market shares square powers of each firm competing in a market. Literature also presents it in additive form or as valued in range of ∈ (0; 1) 3. Import structure 3.1. Import diversification 3.1.1. Transfer directions -yearly transfer capacity in billions of cubic meters 3.1.2. Producing countries -import diversification degree assessment in terms of supply directions and countries of origin 3.2. Contracts (yearly approach) -purchase/sale volume in billions of cubic meters 3.2.1. Diversification of supplies -supply directions and countries of origin 3.2.2. Term structure of import contracts portfolio 4. Capacity of gas storage facilities 4.1. Working capacity -assessment of total working capacity of underground gas storage (UGS) facilities 4.2. Maximum deliverability of UGS facilities -assessment of gas deliverability of storage facilities during peak demand periods 5. Earth gas market structure -assessment of competitiveness of various earth gas market segments Import structure 3.1. Import diversification 3.1.1. Transfer directions -yearly transfer capacity in billions of cubic meters 3.1.2. Producing countries -import diversification degree assessment in terms of supply directions and countries of origin 3.2. Contracts (yearly approach) -purchase/sale volume in billions of cubic meters 3.2.1. Diversification of supplies -supply directions and countries of origin 3.2.2. Term structure of import contracts portfolio Capacity of gas storage facilities 4.1. Working capacity -assessment of total working capacity of underground gas storage (UGS) facilities 4.2. Maximum deliverability of UGS facilities -assessment of gas deliverability of storage facilities during peak demand periods Earth gas market structure -assessment of competitiveness of various earth gas market segments 5.1. Competitiveness on the importers' market 5.2. Competitiveness on the production market 5.3. Competitiveness on the wholesale market 5.4. Competitiveness on the retail market (end clients)
The data concerning some of the listed measures have been compiled and systematized in order to conduct a comparative analysis of selected components, which facilitated further considerations.
Energy security of EU, considered as the whole society of 28 countries, is seen as satisfactory. The so-called "energy mix" is highly diverse, which leads to uniform, even distribution of energy carriers such as fuels, electricity and heat [Dreyer and Stang, 2014, s. 81] . Despite this generally positive state of affairs, energy crises in 2006-2009 connected to Russian delivery breaks has shown weaknesses of some of the EU members, mainly in Central and Eastern Europe [Tylec, 2015] . Although there was enough supply of natural gas through internal sources, the solidarity rule was sometimes impossible to apply. Natural gas conflicts between Russia and Ukraine revealed the real problems anchored within the energy system of EU [Andoura, 2013] , which was no real diversity in sources and strong dependence on Russian source fuel market. Moreover, it was underlined that there are no existing connections between systems that could allow to transport natural gas from west of EU to the eastern countries, and even if these connections are there, they operate one way only. In addition, the essential issue that needs to be considered here is late, inappropriate reaction of EU toward Russian aggression on Ukraine (Crimea annexation).
Comparative analysis of selected aspects of aggregate gas Energy Security Index
Considering geographical aspects, the area of Ukraine (603628 sq. km) is almost twice as large as the area of Poland (312679 sq. km). Ukraine is situated between the EU (Poland is the western neighbor) and the Russian Federation, with access to the Black Sea and the Sea of Azov. According to the statistical data, in 2017, the population of Ukraine was 42 million [Ukrastat, 2018] , while Poland was inhabited by 38 million people [Demografia, 2018] . The population density determined on the basis of the obtained data is 123 persons per sq. km in Poland and 75 persons per sq. km in Ukraine. Ukraine has a great potential in natural resources and capacity of UGS facilities; however, due to geopolitical conditions, a difference between certain determinants of national energy security is noticeable. Figure 1 presents a map of Poland and Ukraine with marked earth gas reservoirs, UGS facilities and the blue fuel transmission network.
National production and usage of earth gas in Poland and Ukraine
In 2015, Poland extracted 4.33 billion cubic meters of gas; in the following year, it was 4.18 billion cubic meters [Polish Ministry of Energy, 2016 , 2017 . In 2017, according to the outputs estimated by the Polskie Górnictwo Naftowe i Gazownictwo S.A. (PGNiG), earth gas production reached 4.5 billion cubic meters. According to the data provided by this institution, Poland had documented gas reservoirs with the capacity of 98 billion cubic meters [Polish Ministry of Energy, 2017; PGNiG, 2010] . Currently PGNiG has 21 licenses to search and identify crude oil and earth gas reservoirs and also 25 common licenses (search, identification and extraction).
Gas production in Ukraine in 2015 reached 19.2 billion cubic meters, while in the following year, it was 20.1 billion cubic meters. Gas extraction output in 2017 increased by 0.45 billion cubic meters (2%) compared to that in 2016. Table 1 presents gas production volumes in 2015 and 2016. The Ukrainian reserves of earth gas amount to 1094 billion cubic meters, while the capacity of reservoirs is 4292 billion cubic meters. Gas reserves in the Black Sea and the Sea of Azov area reach 48 billion cubic meters, while the gas reservoirs have the capacity of 1751 billion cubic meters. Natural reserves of the country, if used properly, should ensure independence from foreign suppliers, increasing the energy security of the state.
Ukraine intends to increase earth gas production to the volume of 27-29 billion cubic meters. Over the past two years, the Ukrainian economy managed to increase gas production, thanks to optimized field development, increased production drilling and significant hydrocarbon production enhancement operations including hydraulic fractures and coil tubing. Meanwhile, delays in extending and granting licenses by the State Geology and Mineral Resources Service of Ukraine, the blocking of licensing processes by regional councils and the overregulated land allocation procedure have all hampered higher growth of gas output. All marketable gas produced by "Ukrgasdobycha" in 2017 was purchased by Naftogaz at a price of UAH 4849 per thousand cubic meters and sold at UAH 4942 per thousand cubic meters to cover household demand. Prices, conditions and supply procedures are set out in the regulations of the Cabinet of Ministers of Ukraine [Naftogaz, 2018a] . Consumption of earth gas in Ukraine in 2017 reached 31.9 billion cubic meters, while in the previous year (2016), it was 33.2 billion cubic meters. Comparing the gas consumption volumes, it can be concluded that this country is capable of covering approximately 48% of the demand [Naftogaz, 2018b] . Figure 2 presents gas consumption in Poland and Ukraine in the period from 2011 to 2016. Ukraine could cover 60% of earth gas demand by the national gas production. Since 2013, a decreasing trend in gas consumption has been observed in Ukraine. The reason of a significant drop in 2014 may be connected with the actual loss of the most industrialized part of the Donbas and the collapse in the Ukrainian economy (GDP of Ukraine decreased by approximately 10% in 2015). Furthermore, in spring of 2014, the government in Kiev implemented the first of the three planned stages of gas price increase for individual clients, which aimed at marketization and reducing the debt of the national corporation Naftogaz, Ukraine (7% of GDP in 2014). A gas market act was also enforced. One of its goals was the depoliticization of Naftogaz and transforming it into a transparently managed profitable corporation [Iwański, 2016] . In Poland, gas production in 2016 reached 4.46 billion cubic meters, while gas consumption reached 15.99 billion cubic meters [Polish Ministry of Energy, 2017] . The level of consumption is rather stable, with a slight increasing trend. Considering the volume of extraction, Poland is capable of covering 28% of its earth gas demand individually, while the rest is covered by imported gas.
Earth gas import infrastructure in Poland and Ukraine
In 2017, gas was supplied to Ukraine only from the European market. In comparison with 2016, gas import increased by 27% -from 11.1 billion cubic meters to 14.1 billion cubic meters. A significant result was the increase in the import volume and contribution of private entrepreneurs and gas recipients. In 2017, these clients imported 1.8 of the quantity received in 2016, which was 5.4 billion cubic meters. Such activities allow to increase the flexibility of market operations performed by business entities and improve their capabilities. Table 2 presents the information concerning the parameters of earth gas transfer infrastructure in Ukraine and Poland. The input gas transfer efficiency in Ukraine is 287.7 billion cubic meters, while the output value is 178.5 billion cubic meters [Укртрансгаз , 2018] . It should be noted that due to geographical situation, Ukraine is a transit country, with estimated capabilities in yearly earth gas transfer to the EU reaching approximately 140 billion cubic meters [European Commission, , 2010 ]. According to the data provided by the Gaz System, the transfer efficiency in Poland is 17.6 billion cubic meters [Gaz System, 2018a, b] .
The total volume of earth gas imported to Poland in 2015 reached 11.45 billion cubic meters, 72.5% (8.3 billion cubic meters) of which was gas from the East (Yamal-Europe pipeline), 26.5% was imported from Germany (3.02 billion cubic meters), 0.13% (14.37 billion cubic meters) from the Czech Republic and 119.63 million cubic meters from Qatar (1.04% of the total imported volume) [Polish Ministry of Energy, 2016] . In 2016, gas import increased to 13.88 billion cubic meters. The volume imported from the Eastern countries increased to 10.3 billion cubic meters, which was 74.26% of the total volume of imported earth gas. The intra-community acquisition from Germany dropped in relation to the previous year to the volume of 2.5 billion cubic meters, constituting 18.20% of the total import. Similarly, smaller volume was imported from the Czech Republic, only 0.04% (4.94 billion cubic meters). The liquefied natural gas (LNG) terminal was used for importing earth gas from Qatar (increase to 963.57 million cubic meters, constituting 6.94%) and Norway (78.39 million cubic meters, which was 0.56% of the total import volume) [Polish Ministry of Energy, 2017]. Source: http://utg.ua/utg/gts/description.html http://www.gaz-system.pl/strefa-klienta/system-przesylowy/przesyl-wliczbach/(accessed on 21 April 2018).
In 2017, gas was imported to Ukraine by 67 companies (in 2016 -34 companies). In 2017, Naftogaz imported 8.7 billion cubic meters of gas from the European market, which was 6% more than in the previous year. The number of European suppliers that sold earth gas to Naftogaz in 2017 was 13 (in 2016, it was 15 companies). None of them supplied more than 30% of the volume of imported gas. The changes in the Ukrainian gas market are possible on the grounds of the "Gas Market Act" (that came into force on 1 October 2015) and due to other measures taken with the aim to form an open and transparent earth gas market in Ukraine. Considering long-term gas import, Ukraine's aim to diversify the sources of supply is noticeable. Figure  3 presents the volumes of gas imported from the EU and the Russian Federation from 2013 to 2017. At the end of November 2015, Ukraine ceased direct gas purchase from Gazprom. From that time, the fuel has been purchased from Poland, Slovakia and Hungary on a reverse supply basis. In Poland, Hermanowice gas pipeline that transfers gas eastwards is very important. The drop in the volume of gas imported from the Russian Federation may result from the Kiev's actions aiming at diversification of supply sources and limiting the dependence from the single supplier. Additionally, the prices of gas delivered by Gazprom, previously imported in volumes reaching 50-60 billion cubic meters yearly, have been constantly increasing, and Russia has not agreed to renegotiate the gas contract concluded in 2009, which was unfavorable for Ukraine. In this connection, the volumes of gas imported from the East have been decreasing. The growth in the import of gas from the EU countries was facilitated by the increase in the yearly capacity of the reverse connection with Slovakia (from 9.5 billion cubic meters to 14.5 billion cubic meters). It was the effect of cooperation with Bratislava and Brussels, along with the surplus of gas in the European markets.
UGS facilities in Poland and Ukraine
The Ukrainian gas transport system (GTS) is one of the largest gas transfer systems in the world. It has two major functions: supply of earth gas to domestic recipients and transit of earth gas through the area of Ukraine to the Western and Central Europe [Мухін , 2014] . The largest UGS facilities in the western part of Ukraine are of key importance due to their connection with the major transit gas pipelines. They balance the earth gas supplies from the Russian Federation to the EU countries, having a special role during the winter period. The great potential of the Ukrainian UGS facilities cannot be fully used for the purposes of the internal market [Ruszel, 2015] .
According to the data of 24 September 2017, Ukraine received daily gas supplies from Slovakia in the volume of 26.05 million cubic meters, from Hungary -16.34 million cubic meters and from Poland -2.62 million cubic meters [Шрамко , 2017] . After the annexation of Crimea by the Russian Federation, Ukraine has 12 UGS facilities with the total capacity of 31 billion cubic meters. Figure 1 presents UGS facilities, location of resources and pipelines in Poland and Ukraine. The four largest gas storage facilities have the following deliverability: Bilche-Volotysko-Uherske 90 million cubic meters/day, Bohorodchanske 46 million cubic meters/day, Dashavske 25 million cubic meters/day and Oparskie 20 million cubic meters/day [Europen Commission, 2010] . What must be emphasized is the great advantage of the Ukrainian gas transfer network. It results from the geographical location of the reserves. Table 3 presents the basic parameters of the Ukrainian UGS facilities. Currently, Poland has seven underground storage facilities of high-methane earth gas, including two in salt caverns (Mogilno and Kosakowo) and two nitrogen-rich gas storages (Bonikowo and Daszewo). Table 4 presents the characteristics of underground storage facilities of high-methane earth gas in Poland. Ukraine, due to its situation and the geopolitical factors, has earth gas storage facilities with the largest capacity. Comparing both countries, Ukrainian UGS facilities are 11 times as large as those in Poland. Considering the changing political conditions and the aim to change the supplier of earth gas, Ukraine should use the available infrastructure to cover the domestic needs or to store gas for other countries. This could be beneficial for Poland. Receiving larger volumes of LNG at the terminal in Świnoujście or after the launch of Nord Stream 2, part of the gas volume could be stored near the Polish eastern border at Drozdowice.
Conclusions
Significant economic intensification and population density along with low natural resources of earth gas determine essential differences between both analyzed economies. In this article, authors discussed chosen elements of Energy Security Index created by Kościuszko Institute and A. Sokołowski. Poland does not have as large energy potential as Ukraine in terms of commercial and distribution capabilities. Despite this, its situation is better due to the investments made in order to diversify the sources of gas supply. Still, further development is strongly needed. Since 2015, Poland has been using its LNG terminal located at the Baltic coast in Świnoujście. The planned construction of Nord Stream 2 pipeline will ensure the access to earth gas from Norway but increasing third-party countries (Germany) to increase their influence on the market. A growth in the transfer capabilities between both countries would largely contribute to the energy security of both economies, being the business partners of the Russian Federation. With over ten times larger capacity of UGS facilities and many possibilities to respond in a flexible way to geopolitical circumstances, Ukraine may secure its needs and earn from hiring the available storage facilities to other countries. Proper use of the available infrastructure and implementation of proper management of such facilities, based on the Polish solutions in these matters, could allow Ukraine to change the current situation related to ensuring reliable earth gas supplies on fair conditions. Relying on the cooperation with Poland, using the existing connections and extending them (Hermanowice), Ukraine may acquire access to LNG or the Norwegian blue fuel supplies. Taking into account documented natural gas sources on Ukraine, it comes naturally that the government should definitely consider investment directed to its extraction. A road to differentiate supply sources forces taking well-planned choices and decisions and gradually accomplish the targets. In view of geographic issues, it might be beneficial to consider cooperation of Poland and Ukraine but still it is essential to base on reliable data, which will give a wider view on actual situation and could state as a motivation to change.
The authors see it essential to continue working on the given subject and create multi-elementary ranking of EU countries based on at least three different, independently measured Energy Security Indexes -including one described in this study. Creation of such a tool could be useful in addressing energy security issues and prioritizing actions toward places where they are mostly needed.
